bleeding animals until the red count was reduced to half and then examining the blood for regenerative changes. He found no reticulocytes in the horse and other regenerative changes were scarce. On the other hand, in the sheep reticulocytes were numerous with large numbers of polychromatic cells and many cells showing punctate basophilia. Thus both these herbivorous animals form a contrast to the dog and cat, where Jolly's bodies and nucleated red cells are the predominant change. Neser (1923) has shown that the horse has another characteristic, for if it is excited the red count may show an increase of 1 or 2 million within a few seconds, and this suggests an easy way of rectifying a slight oligocythemia.
The average leucocyte counts for herbivorous animals are all about 8,000 per c.mm. in contrast to other domestic animals, particularly the cat with an average of over twice this number. Figures for neutrophil percentage show that the horse is similar to man, having roughly double the number of neutrophil cells to lymphocytes, while in the ruminants this ratio is often reversed.
Cell types are similar to those in man. In carrying out differential counts the difficulty with ruminants lies in distinguishing between monocytes and large lymphocytes, in contrast to the horse where the difficulty during a neutrophilic reaction is to distinguish between monocytes and metamyelocytes. The most striking blood cell among all the domesticated animals is undoubtedly the eosinophil of the horse. If this cell is stained by Leishman, instead of seeing chunks of material stained eosin red, one sees a cell containing large orange globules giving it a most spectacular appearance. No one has attempted to explain the difference between this cell and the more common type of eosinophil but anyone attempting to work on a histochemical analysis of eosinophils would do well to include that of the horse.
Finally, there is one important difference between human blood and the blood of domestic animals, of great clinical importance. Haematology textbooks appear to avoid a direct statement on the matter, but in man there does not seem to be any line of demarcation between band forms and what can be called under the Cooke and Ponder count, a "Poly. I". In several of the domestic animals, "Poly. Is", resembling Schilling's "degenerative band forms" or Osgood and Ashworth's (1937) cells 78 and 79, are common and variable, on one day representing the majority of neutrophil cells and on another a small minority. If one includes these cells as band forms when carrying out a Schilling Index or some similar index, all sensitivity is lost, therefore in farm animals it is very necessary to ensure that one restricts the band forms to very definite metamyelocytes with a simple bandlike nucleus.
RFFF.RF 4. The Serum Proteins of the Domestic Animals By JOHN B. BROOKSBY, M.R.C.V.S. MY own experimental work on the normal serum proteins of the domestic animals is limited to studies on the ox and pig, and to complete the picture I have to rely on observations taken from the literature. I should, however, like to draw attention to several factors which obscure the comparative aspects of this subject.
The first of these is that the greater part of the data available in the literature is the by-product of other research. Observations have frequently been limited to those essential for the particular work in hand, and have not been extended to yield complete information on the normal. The second factor which complicates the comparative study is a technical one. With the development of protein chemistry new methods of characterization of the serum proteins have been discovered. The multiplicity of "salting-out" methods, and the variations resulting from what may seem minor changes in technique, have been considered in many of the earlier papers, notably in the review by Howe (1925) . It appears likely that the existence of several differeni estimates for the protein fractions in any particular species is, in part, due to technical points such as those raised in the papers referred to. This situation does not render easier the comparison of species with species.
Just as in salt-fractionation, small differences in technique make for wide discrepancies in the results obtained by the methods of electrophoresis and ultracentrifugation. In electrophoresis, the pH, the buffer used, and the ionic strength of the medium greatly influence the apparent constitution of the serum. In ultracentrifugation, the dilution of serum used is an important factor and specification of the conditions of experiment is therefore essential to the presentation of results.
No comparison is yet available for salt and electrophoretic analyses made side by side on the same series of animal sera. Such comparisons do exist for human sera, and it is interesting that the proportion of protein assigned to albumin is generally higher for the salting-out method than for the electrophoretic. Figures for the relationship are given by Taylor and Keys (1943) for eight normal sera. The mean percentage of albumin in these sera was 714 by the salt method, while electrophoretic analysis gave a value of 65 9. The discrepancy appears to be even greater for pathological sera. Until similar figures are available for the sera of the domestic animals, we can compare only the normals established by different workers using the different methods.
The third factor which makes data for comparison difficult to obtain from the literature is that, in comparing the results of different authors, we are particularly at the mercy of variations in the animals studied, in respect of breed, age, sex, condition and so forth. Little is known of the effects of these factors in the sera under consideration, except in the outstanding case of the deficiency of the sera of the young ruminants in the orthodox globulin fractions. Less striking differences in the animals studied may add to the confusion between authors.
The values so far reported for bovine serum albumin expressed as a percentage of the total serum protein illustrate well the variations from author to author. They are 48% (Howe), 44% (Hartley) , 47% (French), 54% (Brooksby) , and 55% (Hewitt). These values were obtained by the "salting-out" method, using ammonium sulphate, sodium sulphate, or sodium sulphite. The value given by Svensson (1946) based on the electrophoretic analysis of ten sera is 41 %. As the only data collected by one worker on the sera of several domesticated animals are those of Svensson referred to above, the above diagram ( fig. 1 ), which I have prepared from the results given in the monograph, probably represents the best information on the differences which exist between the species concerned. Section of Comparative Medicine 189 For each species, the first (shaded) column represents the albumin, and the others respectively the a f and e globulins, each as a percentage of total serum protein. Comment on the wide differences between species does not seem necessary.
I have been unable to find a similar research by one observer on the "salting-out" of the fractions from the sera of different species. This seems an unfortunate gap in our knowledge, for, as is plain from the list of values for bovine serum albumin shown earlier, the observations of different workers on the same species may vary by as much as the species do among themselves. The next diagram (fig. 2) , therefore, is a composite one, which I have prepared from the results of all the "salting-out" experiments on the sera of the species concerned, which I have encountered in the literature. The columns represent the percentage of the total serum protein accounted for by albumin in the sera of, respectively, horse, ox, pig, sheep, rabbit, guinea-pig, and dog. The line drawn across each of the first six columns shows the percentage of albumin estimated by the electrophoretic method, and this figure is taken from Svensson's results. The general trend of the "salting-out" results is thus the same as the electrophoretic, the greatest discrepancy is in the ovine serum, where, instead of the value by electrophoresis being 5 to 10% lower than the "salting-out" value, the two correspond closely. Otherwise, the results suggest that the relationship demonstrated for human serum also holds for animal sera.
I have not included the salt-fractionation of the globulins in this table, as even greater variations occur from author to author. My own estimate of the euglobulin for the cattle I have studied, based on precipitation with 15% sodium sulphite, is that it constitutes 10% of the total serum protein. Howe's figure is 12%. In the pig, the euglobulin fraction appears larger; the value I have found is 18%.
Of the implications of these species differences in the serum. proteins for the economy of the animal it is difficult to say much. The effect on the osmotic pressure exerted by the serum of changes in the albumin-globulin ratio has been studied by several workers. Human serum was compared with horse serum by Marrack and Hewitt (1927) , and the osmotic activity per gramme of protein found to vary as expected with the albumin-globulin ratio.
From the immunological point of view, the size of the globulin fraction in equine and bovine sera is sometimes a disadvantage. If a particular antibody occurs in some concentration in all the globulin fractions, "purification" of antibody by separation of a small part of the serum protein, carrying the entire activity of the serum, is obviously impossible by the conventional technique. Of course, the existence of a large globulin fraction does not preclude the possibility of the isolation of the activity in a sub-fraction such as the well-known Felton fraction in antipneumococcal horse serum.
These considerations apply equally well to the electrophoretic fractions. In my own experiments with the antibody to foot-and-mouth disease, in bovine serum, the antibody appeared to be associated with the e-globulin. On Svensson's estimate of 38% of the total protein for the concentration of this fraction, separation of the entire 7 globulin would give only very poor concentration of antibody. This is a very different picture from the concentration of antibodies in human serum by Cohn and his co-workers, when isolation of theglobulin gave a tenfold concentration of antibody activity.
